A new flipped SU (3) C ⊗SU (4) L ⊗U (1) X model without exotic electric charges is proposed. All the quarks families are arranged in the same representation while leptons generations are in different representations leading to a tree level FCNC. Moreover, It is shown that the cancellation of the triangle chiral anomalies requires new additional leptons 10-plet and quadruplet. All fermions mixing, masses and radiative neutrinos oscillation have been also discussed. Furthermore, using the most recent experimental data of the branching ratios of µ −→ eee and µ −→ eγ rare decay modes, stringent bounds on the heavy neutral bosons masses and the muon-electron mixing matrix element are obtained.
Introduction
Neutrinos oscillation phenomenon, dark matter, replication of quarks families, charge quantization and many other fundamental questions reveal that the Standard Model is an effective gauge field theory. Thus, going beyond the Standard Model (BSM) becomes mandatory to explain these outstanding unsolved problems. In this paper, we are interested in a specific BSM model based on the Lie gauge group SU (3) C ⊗ SU (4) L ⊗ U (1) X (denoted by 341 for short) [1] . Many interest has been devoted to this kind of models especially those related to the LHC physics [1, 8] . The most attractive feature of those models is the explanation of the family replication coming from the triangle gauge anomaly cancellation which together with QCD asymptotic freedom, requires that only three fermion families might be present in the spectrum, as in the 331 models. Moreover, it reproduces all the SM success including the global fit to electroweak precision data. In general, requiring the gauge anomaly cancellation and avoiding the existence of fractional leptons charges and since SU (2) L ⊗ U (1) Y of the standard model (SM) can be embedded into SU (4) L ⊗ U (1) X in more than one way, these models have to depend on two parameters β and γ [5] . In fact, in order to assign the fermionic content of the model, it is useful to recall that the electric charge operator is written as a linear combination of the diagonal generators T 3 , T 8 , T 15 and X of the gauge group SU (4) L ⊗ U (1) X This allows us to write the electric charge assignment for the fields in the fundamental representation of SU (4) L as:
It is worth to mention that the 341 models were also classified according to the scalars sectors [5, 8] . Moreover, the self consistency of any BSM model is to be free from gauge anomalies. For the case of our interest and as it was pointed out before, the cancellation of the SU (4) 3 L gauge anomaly in all versions of the 341 models is fulfilled if the three quarks generations belong to different SU (4) L representations: two with a left handed chirality Q iL (i=1,2) lie in the fundamental representation 4, whereas , the third one Q 3L together with the three leptons generations ψ lL (l = e, µ, τ ) have to transform under the conjugate fundamental representation4 (or vice versa). The right handed quarks transform as singlets. For the scalar content with desirable properties concerning the symmetry breakdown and fermion masses including neutrinos, one can take four quartets φ k (k=1,4) which are in the conjugate representation4. Table 1 shows particles content in all possible 341 models parameterized by β and γ, and the corresponding 331 sub-representations. The 321 subrepresentations embedded in the fundamental and its conjugate representations of SU(3) are given by:
It turns out that this quarks and leptons replication is not the only way to have a model free from the SU (4) L ⊗ U (1) X gauge anomalies. In this work and following ref. [9] , we build a new unique gauge anomaly free model without exotic electric charges baptized flipped 341 as an extension of where the previous scheme of construction is reversed that is all the quarks generations transform under the same representation while leptons are not. Thus, a flavor changing neutral current (FCNC)is expected at the tree level in the lepton sector through the exchange of new neutral gauge bosons Z' and Z" of the model like in the rare leptonic decays of the form l i −→ l i l k l k and l i −→ l k γ (i = k). This paper is organized as follows: in section 2, we present the basic ingredients of the construction and features of the new flipped 341 model. In section 3, the anomaly cancellation is discussed. In section 4, fermions mixing and their masses are emphasized at both the tree and one loop levels. In section 5, the FCNC and mixing in the leptonic sector are explored via the study of the rare processes µ −→ eee and µ −→ eγ and stringent inequalities and bounds on the Z' and Z" masses are obtained. Finally, in section 6, we draw our conclusions. 
A flipped 341 model
In this model, the three quarks generations transform under the same conjugate fundamental representations while the leptons generations lie in different representations. It is important to mention that contrary to the ordinary 341 models, a fourth generation of leptons is required in order to cancel the gauge anomaly [SU (4)] 3 L where the number of the charged fermions must be equal to the charge of anti fermions or in other words the fermions quadruplets must be equal to the number of anti-fermions quadruplets. Table 2 summarizes the particles content in this model where there are no fractionally electric charged different from ∓ 2 3 and ∓ 1 3 for exotic quarks and there are no integer electric charges different from 0 and ∓1 for leptons and gauge bosons (model without exotic electric charges). Moreover, this model is unique, in the sense that the decomposition of the lepton 10-plet L e contains as subgroups (1,6,X)⊕(1,3,X')⊕(1,1,Q). To get a real (1,6,X) representation, the value of β should be equal to 1 √ 3 [9] . The restriction to non exotic electric charges only allows for eight different anomaly free 341 models [12] and for a giving value of β one has tow models with γ = 1 √ 6 and γ = −2 √ 6 . In the flipped version of the first model one has fractionally charged leptons which are forbidden. 1 . Therefore, the only acceptable flipped 341 is the 
Anomalies cancellation of the model
Based on to the fact that Tr[T a ] = 0 and Tr[τ a ] = 0 where T a and τ a are the generators of the Lie gauge groups SU(3) and SU(4) respectively, all the triangle gauge anomalies are automatically canceled expect those of the non-trivial ones:
From the particles content shown in table 2, we notice that our flipped 341 model is free from all the gauge triangle anomalies. In fact, the total contribution of the [SU (4) L ] 3 anomaly comes from [11] :
and 4 L respectively4 L are SU(4) quadruplet and anti-quadruplets fundamental representations. Here n 4L and n4 L are the number of left-handed fermions quadruplets and antiquadruplets respectively. This anomaly cancels only if the number of the quadruplets in the fundamental representation 4 L equals to the number of the quadruplets in the conjugate fundamental representation4 L as it is the case in our model (see Table 2 ). We remind that the 10-plet L e contributes as much as eight quadruplets in the group SU(4) [10] (A(10) = 8A(4)) with the remaining lepton generations L µ and L τ , therefore, the lepton generations contribution equal to 10A(4). While, the arrangement of the three quarks families in the fundamental conjugate representation 4 makes their contribution equals to 9A(4). Thus, to ensure the cancellation of the [SU (4)] 3 L anomaly, a new exotic lepton L lies in the conjugate representation 4 is introduced.
Next, the cancellation of the (SU (3) C ) 3 anomaly requires the introduction of the charge conjugate of each quark field as an SU (4) L ⊗ U (1) X singlet for which the quantum number X coincides with the electric charge Q [12] .
Finally, the flipped 341 model is free from the SU (4) 3 anomalies only if its particles content satisfied the following conditions respectively:
where X L l(q) and X R l(q) are the quantum numbers associated to the U (1) X group of the left (L) and right (R) handed leptons (l) and quarks (q).
The special content of the flipped 341 model ensure the cancellation of the (Grav) 2 ⊗ U (1) X anomaly which requires that the sum of all the U (1) X charges yields to zero as it mentioned in equation (3.5) . Table 3 shows the cancellation of the gauge anomalies in the flipped 341 model. Notice that the sum of all rows of each column in the table 3 multiplied by the number of flavors (F) vanishes. Therefore, the model is gauge anomalies free. Table 3 . Gauge anomalies fields contributions in the flipped 341 model.
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Fermions masses
In our model, the vacuum expectation values VeV for the scalars fields in Table 2 are given by:
While VeV of the scalar 10-plet S is:
In this notation, all n α , k(k ) α and ε S stand for the VEV which are associated with the SM gauge groups singlets, doublets and triplets respectively. The gauge symmetry in the flipped 341 model is broken to the Standard Model as indicated below:
Where k S , k 1 , k 2 , ε S << k 3 , k 4 , k S << n i (i = 1, ., 4, S). Regarding the Yukawa Lagrangian L Y it has the form:
and
Notice that the fourth term in equation (4.3) is introduced in order to generate a mass to the extra field L and the third term take a specific expression in order to eliminate the unwanted Yukawa Lagrangian interactions (nonphysical terms) such as terms like β + β + , ν e σ + , N 0 e Σ + etc. where abc , a b c are the Levi-Civita tensors, the letters a,a',b,b',c,c' are all SU(4) indices, going from 1 to 4 and the indices β and α stands for the flavors of the fermions fields. The Lagrangian of fermions mixing and masses L F ermions masses is generated from the terms of the form m i αβ Ψ i α Ψ ic β (after SSB) obtained from the Yukawa Lagrangian. 
The mass matrix m l shows that the charged leptons µ and τ acquire their masses at the tree level except the electron, it remains massless. Therefore, the electron mass correction will be generated though a one loop level, using the following effective Lagrangian L ef f with a non renormalizable five dimensional operator O (ij) α [9] :
Where i,j=1,2 and l=3,4. The contribution of the Lagrangian (4.6) is shown in Figure 1 representing the Feynman diagram responsible for the generation of the electron mass at one loop level. The contribution of the Lagrangian (4.6) is roughly given by the following approximated expression:
where λ ik are the coupling constants of Sφ 3 φ * i φ j (i,j=1,2). Here Λ is a parameter of the order of the 341 breaking scale. Taking the VeV's n i (i=1,2,3,4), k 3 , k 4 and the parameter Λ of the O (TeV) and giving values for the Yukawa couplings such that the electron mass correction is of the O (MeV). The 10 × 10 tree level mass matrix of the neutral leptons is written in the basis (ν µ , ν τ , N , , N µ , N τ , ν, ν e , Σ 0 , β 0 , N 0 e ) as: 
Notice that this mass matrix leaves some neutral fields massless which is inconsistent. Therefore, the one loop level contribution is needed. Figure 2 shows the contribution of the radiative correction to m ν described by the following effective Lagrangian [9] : Where i=1,2 and α ≡ µ, τ . The two diagrams contribution to the transition amplitude is:
Where l ij and f ij represent the coupling constant of φ i φ j SS and φ i φ j S (i,j=1,2) respectively. The one loop functions were not included in the calculations in order to simplify the expressions and just have a rough estimate [9] . Inserting the coefficients ω αβ in the matrix m ν , we get the following form:
Integrating out the heavy states Σ 0 , β 0 , ν, N , N 0 e and N 0 α , one ends up with a 3 × 3 matrix m ν light for the light neutrinos (ν e , ν µ , ν τ ):
The expressions of C i (i = 1, 2, 3) and Γ j (j = 1..6) are presented in appendix A. Notice that the matrix m ν light shows a mixing between ν e with ν µ and ν τ leading to a mismatch between the weak and mass eigenstates of neutrinos and the observation of the neutrinos oscillations in this model implying that the family lepton number must be violated. Consequently, flavor changing neutral current FCNC processes in principle must exist.
FCNC in the flipped 341 model
The ordinary versions of the 341 models predict the existence of new heavy neutral gauge bosons Z' and Z" which have universal couplings with leptons, while, the quarks couplings with the new gauge bosons are non-universal. The existence of a non diagonal matrix when we rotate the flavor basis into the mass eigenstates leading to the occurrence of FCNC in the quark sector.
This scheme is reversed in the flipped 341 model, since two of leptons families are arranged differently from the remaining generations whereas the quarks families lie in the same representation. Therefore, the FCNC occurs only in the lepton sector at the tree level through the exchange of the gauge bosons Z' and Z". In the context of our model, we study the lepton flavor violation processes namely µ −→ eee and µ −→ eγ. In fact, the lepton neutral currents of Z' and Z" are described by the following Lagrangian:
where T i = λ i \2 and λ i (i=3,8,15 ) are the diagonal Gell-Mann matrix in the group SU(4), g and g X represent the gauge couplings of the SU (4) L and U (1) X respectively, X is the charge associated to the group U(1) and F runs over all fermions multiplets. Here 8, 15) and T i L e = 1 2 (λ i L e + L e λ i )(i=3, 8, 15) [13], the right-handed leptons e aR and E aR do not participate in FCNC [13] . Then we obtain:
, s W , c W and t W are the sine, cosine and tangent of the electroweak mixing angle. Whereas T i and T i are:
3)
and (5.7)
Changing from the flavor basis into the mass basis l L = V lL l L , we get the following Lagrangian:
(5.9) Thus,
(5.10) Here l can be e, ν, E, N and i = j for flavor changing. Regarding the decays µ −→ eee and µ −→ eγ are among the rare decay processes which are used to search for the charged lepton flavor violation . The corresponding Feynman diagrams are shown in Figure 3 . The first vertex in the left diagram shows the tree level FCNC coupling of Z'(Z") boson (cLF changing), whereas the right diagram represents the one loop level process where l i can be any lepton. Here we will consider the internal fermions line to be either µ or e, so that we will have only one FCNC Z µe (Z"µe) vertex. The transferred momentum, whose maximal value is about the muon mass, is much smaller than M Z (Z") [13] , therefore, the Branching ratio of the processes µ −→ eee and µ −→ eγ through the exchange of Z' and Z" are found to be respectively:
where U eµ is the mixing matrix for the lepton. Since V il is not unitary then U αβ = δ αβ ). We have neglected the contribution coming from the electron internal line as it is proportional to m e /m µ [16] and considered the electrons as massless particles. Using the experimental upper limit of the branching ratio Br(µ −→ eee) ≤ 10 −12 [15] , we obtain, an upper limit on the lepton flavor violating matrix element |U µe | ≤ 1.66 × 10 −3 M 2 Z /T eV 2 . Using the current experimental limit Br(µ −→ eγ) ≤ 10 −13 [14] together with the previous constraint on U µe leads to M Z ≤ 0.597M Z" . Now if M Z ≈ O(1 TeV), one has |U µe |≈1.66 × 10 −3 and M Z" ≈O(1.68 TeV). Figure 4 shows M Z and M Z" as function of |U µe | and the colored areas represent the allowed region where the constraints are verified. 
Conclusion
In this work, we have constructed a new unique model based on the gauge group SU (3) ⊗ SU (4) ⊗ U (1) called the flipped 341 model where all the three quarks families arrange in the same representation whereas leptons generations are not. The anomalies cancellation require the introduction of new extra exotic leptons a 10 plet L e and a quadruplet L. Using four scalar fields with an extra scalar matrix S, we have extracted the fermions mass mixing at tree and one loop levels.
In the flipped 341 model, a dangerous flavor changing neutral current can appear in the lepton sector through the interactions with the neutral gauge bosons Z and Z , whereas, it is absent in the quark sector which makes this model unable to explain the anomalies of both kaon and B decays [9] in contrast to the ordinary versions of the 341 models. The comparison of our results with the experimental data concerning the branching ratios of the two processes µ −→ eee and µ −→ eγ lead to a stringent constraint on the matrix element and on the masses of the gauge bosons.
A The mass matrix for light neutrinos
In the matrix elements of m ν Light , Γ i (i = 1..6) and C j (j = 1..3) are given by:
C 2 = (k 8 k 12 − k 9 k 11 )k 9 k 10 − (k 7 k 12 − k 9 k 10 )k 11 k 9 ,
k 7 = e 4 a 3 a 4 l − e 1 a 7 l, k 8 = e 4 a 3 a 5 l − e 2 a 7 l, k 9 = e 4 a 3 a 6 l − e 3 a 7 l; k 10 = e 1 a 7 l, k 11 = e 2 a 7 l, k 12 = e 3 a 7 l, k 13 = e 4 a 7 l, 8 , v 3 = σ 2 j 3 j 4 j 6 , v 4 = L 11 L 11 , e 1 = I 5 , e 2 = j 8 (S 11 I 3 − I 5 ), e 3 = Λ 3 j 3 j 4 j 6 S 2 S 3 , e 4 = ω N Ne S 2 S 4 , I 3 = j 2 j 4 j 7 j 6 − j 1 j 7 j 6 j 5 , I 4 = j 1 j 5 j 7 , I 5 = I 4 (D 33 − j 3 j 4 Λ 3 S 2 S 3 j 6 ), D 11 = j 6 (j 4 j 7 L 11 − j 1 (Y 1 j 7 − Y 2 j 6 )), D 22 = j 6 (j 4 j 7 L 99 − j 1 (σ 1 j 7 − σ 2 j 6 )), D 33 = j 6 (ω Ne µ S 2 S 4 j 4 j 7 − S 11 ), D 44 = j 1 (Y 1 j 7 − Y 2 j 6 ), D 55 = j 1 (σ 1 j 7 − σ 2 j 6 ), j 1 = a 2 H 1 , j 2 = h 3 n 11 − h 1 n 33 a 1 , j 3 = h 1 n 33 a 1 , j 4 = a 2 H 2 , j 5 = h 3 n 22 − h 2 n 33 a 1 , j 6 = h 2 n 33 a 1 , j 7 = h 3 n 33 a 1 , n 11 = ω µ ν ω e N ω τ N , n 22 = ξ 2 ω e N ω τ N , n 33 = ξ 5 ω e N ω τ N , h 1 = ω τ ν ω e N a 1 − a 2 H 1 , h 2 = ξ 3 ω e N a 1 − a 2 H 2 , h 3 = (ξ 6 ω e N a 1 − a 2 H 3 )a 1 , H 1 = ω e ν ω τ N ω µ N − n 11 , H 2 = ξ 1 ω τ N ω µ N − n 22 , H 3 = ξ 4 ω τ N ω µ N − n 33 , L 11 L 11 = ω e ν Λ 1 Λ 2 ω e N ω eNµ ω Nτ N , L 2 L 2 = ω eNτ ω Nµ N − ω Nτ N ω eNµ , L 9 L 9 = ω e N Λ 1 Λ 2
× ω e N ω eNµ ω Nτ N , m 5 = p 1 − l 4 A 7 A 8 , m 6 = p 2 − l 5 A 7 A 8 , p 1 = S 5 l 6 ω Nτ e ω Nµe , p 2 = S 5 l 7 ω Nτ e ω Nµe , l 6 = ω Nµ N ω νe Λ 1 Λ 2 , l 7 = ω Nτ N ω νe Λ 1 Λ 2 , a 1 = −ω Neµ ω N µ , a 2 = ω Neτ ω N e ω N µ , α 1 = (Y 5 − Λ 6 Λ 1 ω νe )ω N e , α 3 = Λ 1 Λ 2 ω e ν ω N Σ 0 , α 4 = Λ 1 Λ 2 ω e ν × ω N β 0 , α 5 = α 1 − β 1 , α 6 = α 2 − β 2 , β 1 = Λ 5 Λ 1 ω νe , S 11 = j 1 (Λ 4 S 2 S 4 j 7 − Λ 3 S 2 S 3 j 6 ).
(A.5)
The expressions of S i (i=1..5), A i (i=1..8), Y i (i=1..6) and Y 1 are:
A 1 = ω νµ Λ 1 − ω Σ 0 µ ω e ν , A 2 = ω ντ Λ 1 − ω Σ 0 τ ω e ν , A 3 = ω Σ 0 µ ω e ν Λ 2 − ω µβ 0 ω e ν Λ 1 , A 4 = ω Σ 0 τ ω e ν Λ 2 − ω e ν ω β 0 τ Λ 1 , A 5 = ω β 0 µ ω e ν ω e N Λ 1 − ω e ν ω µ N Λ 1 Λ 2 , A 6 = ω β 0 τ ω e ν ω e N Λ 1 − ω e ν ω τ N Λ 1 Λ 2 , A 7 = ω µ N ω e ν ω eNτ ω eNµ Λ 1 Λ 2 , A 8 = ω τ N ω e ν ω eNτ ω eNµ Λ 1 Λ 2 , 
